What is already known about this topic? Asthma and allergic disorders have been heavily linked to urbanization and associated lifestyle and environmental exposures. Unplanned urbanization in the form of periurban sprawl is increasing quickly in sub-Saharan Africa.
Abbreviations used ACQ-Asthma control questionnaire ATS-American thoracic society BMI-Body mass index CI-Confidence interval ERS-European respiratory society FEV 1 -Forced expiratory volume in 1 second FVC-Forced vital capacity HIV-Human immunodeficiency virus LiNK-Lung function in Nakaseke and Kampala study LMIC-Low-and middle-income country OR-Odds ratio PAF-Population attributable fraction WHO-World Health Organization deaths from asthma occur in LMICs. 1, 2 Asthma and allergic disorders contribute significantly to morbidity, mortality, and economic burden, including both direct (monetary) and indirect (impaired productivity) costs. 2 Urbanization is one of the most important risk factors for allergic disorders, which can be explained in part by the adoption of poor nutrition, reduced physical activity, and environmental factors such as traffic and industry-related air pollution. [3] [4] [5] The prevalence of asthma is expected to rise in sub-Saharan Africa as rural to urban migration rapidly increases. 6 Representative of this demographic transition, the urban population in Uganda grew from 800,000 in 1980 to 7.4 million in 2014. 7 This growth was largely unplanned, periurban sprawl, which increases exposure to ground and house allergens as well as air pollution from dust and traffic, all of which have been previously linked to increased asthma and allergic disorders in LMIC settings. [8] [9] [10] [11] [12] To date, there has been only 1 populationbased study of respiratory disease among adults in rural Uganda, which focused on chronic obstructive pulmonary disease. 13 Data on the prevalence of allergic illness and risk factors are required to direct public health policy and medical treatment programs in Uganda.
We hypothesized that, based on previous literature and due to unplanned urban sprawl, asthma and other allergic disorders would be more prevalent in urban regions. To investigate this, we conducted a cross-sectional analysis of a population-based cohort study of urban and rural areas in Uganda. We also sought to identify risk factors and their population attributable fractions (PAFs) and document the prevalence of lifestyle impairment-related asthma outcomes and differences in careseeking behavior between sites.
METHODS

Study setting
The study was carried out in 2 settings in Uganda with differing levels of urbanization. Kampala, the capital, has an estimated 416,000 households and a population of 1.5 million. 7 Nakaseke is a rural health district approximately 50 km north-northwest of Kampala that includes a central periurban community. Nakaseke comprises 43,000 households and 197,000 people. 7 Air quality in Kampala is poor, with a mean of 5.3 times the World Health Organization (WHO)-recommended level of daily particulate matter (PM 2.5 ), and is worse in industrial areas and residential neighborhoods with unpaved roads. 14 Although there are currently no published data on air quality in Nakaseke, it is a long distance from major city centers (50 km from downtown Kampala and 14 km from the nearest highway).
Study design
Participants were enrolled in the Lung Function in Nakaseke and Kampala (LiNK) study, a population-based cohort study whose primary objective was to characterize the prevalence and risk factors for chronic respiratory diseases in adults in urban and rural settings of Uganda. 15 The study aimed to enroll 2,000 participants, 1,000 from each site. In participation with the Uganda Bureau of Statistics, we randomly selected 25 enumeration areas in each site using probability proportional to size sampling, as outlined by the WHO Expandable Programme on Immunization. 16, 17 Within each of these enumeration areas, 1 adult was randomly sampled per household until 40 people were enrolled.
Inclusion criteria included age !35 years, full-time residency of the catchment area, and the ability to provide informed consent. Exclusion criteria included pregnancy, active pulmonary infection, active tuberculosis, and recent surgery. Trained field workers administered demographic and health surveys using tablet computers with Open Data Kit software (University of Washington, Seattle, Wash) before asking participants to perform spirometry. Consent, surveys, spirometry, and other tests were administered in Luganda, the local language. The study protocol was approved by the institutional review boards of the Johns Hopkins School of Medicine in Baltimore, Md, and both the Uganda National Council of Science and Technology and Mulago National Referral Hospital in Kampala, Uganda.
We developed a survey concerning asthma diagnosis and control, rhinitis, eczema, and certain risk factors. Spirometry was conducted using flow-based, portable spirometers (Easy-On-PC, ndd, Zurich, Switzerland). We calculated z scores for forced expiratory volumes using the National Health and Nutrition Examination Survey (NHANES) African American reference population. 18 Spirometry was conducted following American Thoracic Society/European Respiratory Society (ATS/ERS) guidelines. 19 Tests were graded based on standardized guidelines for interpretation and quality control. 20 
Potential risk factors
Household size was defined by how many people, including the participant, live in their home. Exposure to biomass was defined as use of wood or charcoal for household cooking or heating. Unventilated cooking area was defined as a cooking space without a chimney or window that opens to the outside. Unimproved household water source was defined as using surface water or an unprotected well, or purchasing water from a tanker or cart. Unimproved household flooring was defined as sand, wood, or bare ground. Education was dichotomized into primary or less or greater than primary based on the highest level of school completed. In this area, completion of primary schooling equates to 7 years of education, whereas completion of secondary schooling equates to 13 years. Current smoking was defined as self-report of currently using any tobacco product, including cigarettes, cigars, and pipes. Personal history of human immunodeficiency virus (HIV) and tuberculosis were defined as self-report of ever being diagnosed with those conditions. Asthma in a family member was defined as self-report of a diagnosis of asthma in any member of the family, whereas parental asthma was specific to the mother or father. Body mass index (BMI) was calculated as weight/height 2 (kg/m 
Outcome definitions
Using questions adapted from the World Health Survey and the European Community Respiratory Health Survey, asthma was defined as meeting one of 3 criteria during the enrollment interview: (1) self-report of a previous diagnosis of asthma by a physician, (2) current use of medication for asthma (confirmed by the interviewer), or (3) self-report of wheezing in 12 months. 21, 22 Asthma control was ascertained via the Asthma Control Questionnaire (ACQ). 23 We defined uncontrolled asthma as an ACQ score of 1 or greater. 24 Current rhinitis was defined as sneezing, runny or blocked nose, or itchy eyes without cold or flu-like symptoms within 12 months. 25 Current eczema was defined as itchy skin or rash in the prior 12 months. 25 Allergic multimorbidity was defined as a self-report of both asthma and either rhinitis or eczema. Lifestyle impairment outcomes included hospitalization for breathing within 12 months and impediment in performing daily activities due to breathing. Care-seeking behavior was dichotomized into "does not seek care" or "visits health facility" when feeling wheezy or short of breath.
Biostatistical methods
The primary analytical aims were to estimate age-adjusted prevalence of asthma and other allergic disorders and characterize risk factors associated with these conditions. After calculating prevalence estimates of asthma and other allergic disorders in these populations, 95% confidence intervals (CI) were calculated. Age-adjusted estimates were obtained by direct standardization of our site estimates to the Ugandan age distribution as provided by the Ugandan Bureau of Statistics. Chisquared tests were used to determine differences in categorical data. Multivariable linear and logistic regression models were built to identify risk factors of allergic illnesses (asthma, rhinitis, and eczema) and the association between the presence of allergic disorders and lifestyle impairment. To identify risk factors, we modeled each allergic disorder as a binary outcome with the selected risk factor as a dependent variable. Tests of impairment included the outcome as the independent variable and allergic disorder as a dependent variable. All multivariable models were adjusted for age, sex, BMI, current smoking status, and site to reduce confounding. PAF was calculated using standard methods. 26 Analyses were performed in Stata version 13 (StataCorp, College Station, Tex) and R (www.r-project.org, Vienna, Austria).
RESULTS
Participant characteristics
A total of 1,769 participants were enrolled between November 2015 and June 2016. An asthma and allergic disorder-specific questionnaire was introduced mid-January 2016. Up to 2 telephone attempts were made to contact previously enrolled participants. A total of 461 (26.1%) could not be included in this analysis because of insufficient data to identify asthma. A total of 1,308 participants with complete data were included in the analysis (Table I) .
There were differences in urbanization (34.9% vs 51.7%, P < .001), prevalence of women (59.4% vs 52.3%, P ¼ .008), prevalence of post-treatment pulmonary tuberculosis (5.6% vs 2.6%, P ¼ .010), prevalence of unimproved water source (3.9% vs 6.8%, P ¼ .027), prevalence of unimproved household flooring (68.0% vs 42.3%, P < .001), and household use of biomass fuel (98.9% vs 96.5%, P ¼ .008) when comparing excluded versus included individuals, respectively (Table E1 , available in this article's Online Repository at www.jaci-inpractice.org). Age, BMI, education, household size, smoking, HIV status, asthma in the family, and kitchen ventilation did not vary between excluded and included individuals. Of those included, participants from Kampala were younger, more educated, and less likely to smoke cigarettes than participants from Nakaseke. Finally, 116 participants (8.9%) were further excluded from the analyses of lung function because of poor quality spirometry data.
Risk factors and health outcomes for allergic disorders
We plotted the crude and age-adjusted prevalence of allergic disorders by site in Figure 1 . The overall age-adjusted prevalence J ALLERGY CLIN IMMUNOL PRACT VOLUME -, NUMBER -of asthma in adults in our sample was 6.8% (95% CI 5.4% to 8.4%). Asthma was more prevalent in Kampala (9.8%; 95% CI 7.4% to 12.6%) than in Nakaseke (4.3%; 95% CI 2.8% to 6.2%; P < .001). The age-adjusted prevalence of rhinitis was 11.9% overall (95% CI 10.0% to 14.1%), 16 .4% in Kampala (95% CI 13.2% to 20.1%), and 7.8% in Nakaseke (95% CI 5.6% to 10.5%), a significant difference by site (P < .001). We found an 8.2% overall age-adjusted prevalence of eczema (95% CI 6.7% to 10.0%) that did not vary by site: 7.8% in Nakaseke (95% CI 5.8% to 10.4%) and 9.9% in Kampala (95% CI 7.5% to 12.8%). Concerning allergic multimorbidity, of those with asthma, 40.5% (95% CI 30.6% to 51.1%) had 1 or both of rhinitis and eczema. Multimorbidity was more common among women (46.9%; 95% CI 33.2% to 61.1%) than in men (32.5%; 95% CI 19.6% to 48.7%; P ¼ .17). Of a subset of 34 participants with asthma who took the ACQ, 50% (17) had poorly controlled or uncontrolled asthma. The overall prevalence of wheeze in the last 12 months was 4.4% (95% CI 3.4% to 5.6%) and did not vary by site: 3.7% in Nakaseke (95% CI 2.2% to 5.1%) and 5.0% in Kampala (95% CI 3.4% to 6.7%; P ¼ .22). Although the prevalence of recent wheeze did not vary between sites among men, it was significantly different for women (Table II) . Medication use and previous physician diagnosis of asthma were also much more common in our urban site than in our rural site. Furthermore, the prevalence of eczema was similar between men and women in the rural site, whereas it was far more prevalent among women in the urban site.
Those with allergic disorders (asthma, rhinitis, or eczema) differed from those without in terms of urbanization, household size, and flooring type (Table E2 , available in this article's Online Repository at www.jaci-inpractice.org). In addition, there were differences in the prevalence of an unventilated cooking area and the presence of a family member with asthma between groups. After adjusting by age, sex, BMI, and current smoking, urban living remained strongly associated with asthma as well as having rhinitis (multivariable results in Table III and single variable  results in Table E3 , available in this article's Online Repository at www.jaci-inpractice.org). Associations were also seen between eczema and asthma, although neither were significant in Nakaseke after stratifying by site (Kampala: OR ¼ 4.29, 95% CI 2.20 to 8.39; Nakaseke: OR ¼ 1.15, 95% CI 0.26 to 5.1). A strong association was found between asthma and having any family member diagnosed with asthma, although nearly all the reports of family asthma came from Kampala. No association was seen between asthma and having a parent diagnosed with asthma. The protective association between unimproved household flooring and allergic illness (Table E2 ) disappeared after stratifying by site, which was strongly associated with floor material. Unventilated cooking space was a strong independent predictor of both rhinitis and eczema and remained significant for rhinitis across strata of sex, site, and reported biomass exposure. Eczema was the sole allergic disease associated with age; reduced risk was seen in older people.
The odds of being hospitalized for breathing in 12 months and the odds of reporting one's daily activities were impaired by breathing were both much higher among participants with asthma than those with rhinitis or eczema, although each was associated with poorer outcomes (Table IV) . Subgroup analyses indicated that those with uncontrolled asthma reported higher odds of hospitalization for breathing (OR ¼ 3.79, 95% CI 0.51 to 28.0) and impediment of daily activities due to breathing (OR ¼ 5.01, 95% CI 0.63 to 40.1) compared with those with controlled asthma, although neither were significant. On average, participants with asthma had deficits of 0.31, 0.56, and 0.68 z scores in FVC, FEV 1 , and FEV 1 /FVC ratio, respectively, when compared with those without asthma. In addition, there was a dose-response relationship between ordered quintiles of FEV 1 /FVC ratio and poor clinical outcomes (Table E4 , available in this article's Online Repository at www. jaci-inpractice.org). The odds of hospitalization for breathing were 1.77 times higher for each lower quintile, whereas the odds of impediment of daily activities due to breathing rose by a factor of 1.65. Those in the lowest quintile of FEV 1 /FVC ratio were much more likely to report hospitalization (OR ¼ 10.1) and life impediment (OR ¼ 6.36) than those in the highest quintile.
The presence of asthma among those with eczema was associated with increased reports of hospitalization and decreased lung performance by spirometry compared with the effect of asthma among those without eczema, indicating that eczema may modify the effect of asthma on health outcomes (Table V) .
Population attributable fractions
We plotted the PAFs of potential risk factors for asthma (Figure 2) . The greatest modifiable drivers of asthma were urban living, household size >3 people, and having an unimproved source of water. Family history of asthma was a driver of asthma in Kampala but could not be calculated in Nakaseke due to low prevalence. Unventilated cooking area was a large driver of rhinitis in our cohort, while that and larger household size were drivers of eczema.
Health careeseeking behavior
One quarter of our sample opted to seek care when experiencing breathing problems (Table VI) . This varied by site: 43.7% of participants in Nakaseke visited a hospital or clinic compared with 10.6% in Kampala. However, when restricted to those with recent wheeze, 50.0% of those in Kampala visited a facility compared with 31.6% in Nakaseke. Residents of Nakaseke who reported wheeze were diagnosed with asthma at a lower rate than in Kampala.
DISCUSSION
We conducted a population-based, cross-sectional study examining the prevalence, risk factors, and attributable fractions of allergic disorders among adults in urban and rural Uganda. To our knowledge, this is the first study of its kind in Uganda and one of very few in East Africa. We found an age-adjusted prevalence of asthma of 6.8%, which was significantly higher in our urban site than our rural site and comparable with the 7.4% prevalence found in the USA. 27 The 4.4% prevalence of current wheeze in our sample falls at the lower end of results from studies of adult asthma in Africa. 4, [28] [29] [30] [31] Important modifiable drivers of allergic disorders included urbanization, the presence of an unventilated cooking area, and large household size. These results play a valuable role in understanding the growing burden of allergic disease across East Africa-especially in light of increasing urbanization-and highlight the importance of addressing asthma through improved diagnosis and treatment.
Allergic illness was strongly associated with urbanization, which has been previously described, and may be due to a combination of pollution and poor sanitation secondary to 32 and Gaviola et al, 33 we did not see a relationship between asthma and biomass exposure; however, biomass was difficult to model as both sites used it at an extremely high rate: 93.6% in Kampala and 99.5% in Nakaseke. Moreover, we were unable to distinguish the effects of differing types of biomass fuels from urbanization, because biomass-using residents of Nakaseke overwhelmingly used wood (91.6%), whereas those in Kampala preferred charcoal (86.3%). Although it is known to be a risk factor, we did not see an association between asthma and having a parent with asthma. [34] [35] [36] This was likely due to the extremely low number of positive responses we encountered (2.6% overall), indicative of the reduced likelihood that an older person in this region would have ever been diagnosed with asthma.
We found more allergic illness in women than men in Kampala and similar rates in Nakaseke, which aligns with research suggesting that, although males may have more allergic illness during childhood, they are surpassed by females in adolescence. 37 Our results indicate that current wheeze did not vary between sites in men but varied significantly in women, afflicting nearly twice as many in the urban area. This interesting pattern was previously observed in Tanzania, though no explanation was offered. 29 Other studies failed to find this discrepancy. 30 Similarly, although nearly twice as many women report symptoms of eczema in Kampala compared with Nakaseke, in men there was no difference. Future research should consider the potential mechanisms behind this pattern. Forty percent of those with asthma had comorbid rhinitis or eczema, less than suggested by previous research but showing clumping of allergic illness. 38, 39 As expected, a higher percentage of adult female asthmatics had comorbid rhinitis or eczema than males. 40 Our finding of a robust association between eczema and asthma solely in our urban site mirrors results from the International Study of Asthma and Allergies in Childhood Phase II study, which found a similar relationship in affluent countries but not in nonaffluent countries. 41 Endara et al 42 postulate that connection between eczema and asthma in urban settings may be related to lower rates of helminth infection during childhood. Uganda provides a unique setting to explore this relationship because of a high prevalence of parasitic infections in rural populations. Previous research reports a childhood prevalence of Schistosoma mansoni of 33.8% in Luwero and 57.7% in Nakasongola-2 districts that border Nakaseke-compared with 4.1% in Kampala. 43, 44 It was noted that most infected schoolchildren in Kampala had arrived to the city from other high-infection areas. 44 Furthermore, our findings of increased self-reported life impairment and hospitalization associated with asthma among those with eczema compared with those without eczema follow previous findings of a correlation between positive eczema status and increased asthma severity. 45 Residents of Nakaseke reported a lower prevalence of asthma diagnosis (0.6% vs 2.7% individual; 0.5% vs 22.7% household) and medication usage (0.5% vs 6.4%) than residents of Kampala, respectively; however, the prevalence of recent wheeze was similar (3.7% vs 5.0%). These data suggest that, although the prevalence of asthma symptoms may be similar between settings, those in the rural setting were less likely to be diagnosed and treated. Because our definition of asthma included physician diagnosis and medication use in addition to wheeze, it is possible that the higher prevalence of asthma in Kampala may be explained in part by the greater availability of diagnostic health services and asthma treatment options. Although residents of Nakaseke reported seeking care for breathing at a health facility at a generally high rate, fewer of the subset who reported recent wheeze sought care than their counterparts in Kampala. The prevalence of uncontrolled asthma was the same at each site, failing to explain the discrepancy. A qualitative study in Masindi-a nearby rural region-found that asthma was known but poorly understood and that wheezing was considered worthy of seeking care. 46 Residents felt that the local hospital favored "town" over "country" people and mistrusted them when it came to alleviating their respiratory symptoms. 46 Finally, consistent drug stock-outs may have a decreased popular opinion of public health centers and turned residents away from seeking care. 47 This difference in care seeking could explain some of the disparity in physician diagnosis and use of medications for asthma in Nakaseke (Table VI) . Future qualitative research should seek to expand on perception of respiratory illness and care-seeking behavior in similar regions.
Strengths of our study include ATS/ERS-standardized spirometric methods and a large population-based cohort of adults that allowed for comparisons between urban and rural areas; however, our results are limited in some respects. Questionnaires about asthma, eczema, and rhinitis were not administered to all participants, although we attempted to contact as many as possible. We were unable to measure allergic sensitization nor asthma severity in our short survey, nor measure the prevalence of helminthic infections. Finally, all spirometry values reported in this paper are prebronchodilator, as we obtained only post-bronchodilator measurements on those who demonstrated obstruction after initial testing.
In the first large population-based study of adults in Uganda, we found a high prevalence of allergic disorders that varies with urbanization and is correlated with many factors common in LMIC settings. Furthermore, we found local patterns in careseeking behavior that may explain a portion of the discrepancy in the identification and treatment of asthma in rural communities. As urbanization in sub-Saharan Africa increases-with resultant urban sprawl-the prevalence of asthma and allergic disorders will increase. Although health systems in the region are oriented toward addressing communicable diseases, there is an imperative to address the growing burden of noncommunicable respiratory and allergic diseases and improve the diagnosis and management of these conditions. 
